Introduction {#S1}
============

Primary immunodeficiencies (PIDs) represent a growing group of chronic and serious conditions with profound effects on the quality of life and survival of the patients. Humoral immunodeficiencies, characterized by defective B cells and impaired antibody production, comprise about 70% of all PIDs with respiratory disease as a significant cause of morbidity and mortality among affected patients \[[@B1], [@B2]\]. More than 20 antibody deficiency diseases have been identified to date. However, many of them remain undefined \[[@B3]\]. As the first manifestations, respiratory infections are expressed very soon in the early life, usually within the first 5 years of age \[[@B4]\]. Recurrent pulmonary infections may often lead to chronic irreversible complications, such as bronchiectasis and chronic airflow limitation. However, these non-infectious complications are expected to appear later in the course of the disease in adolescent or adult life. Therefore, performance of careful and proper screening work-up for lung complications in patients with antibody deficiencies is crucial.

This study was conducted to evaluate the pulmonary complications of predominantly antibody immunodeficiencies in all age groups to show that timely diagnosis and appropriate therapy may decelerate the progression of these complications.

Patients and Methods {#S2}
====================

Patients {#S2a}
--------

Forty-eight patients who fulfilled the inclusion criteria for predominantly humoral immunodeficiencies were enrolled in this database study. The follow-up of these patients was under a teamwork supervision of physicians fluent in management of lung disorders and also PIDs. The patients have been under close observation and monitoring since 2009 till data locking on 2017. Data were entered by treating physicians. Therefore, we believe that the registry approach provides valuable insight. All the patients were involved with a type of predominantly antibody immunodeficiency, including common variable immunodeficiency (CVID), X-linked agammaglobulinemia (XLA), and hyper IgM (HIGM) syndrome.

Definitions {#S2b}
-----------

CVID: CVID was referred to male or female patients with a marked decrease of IgG (at least 2 SD below the mean for age) and a marked decrease in at least one of the isotypes IgM or IgA \[[@B5]\] with an onset of immunodeficiency at greater than 2 years of age and absence of isohemagglutinins and/or poor response to vaccines after exclusion of cellular defects.XLA: The diagnostic criteria for XLA in this study were male gender with less than 1%--2% of CD19^+^ B cells and mutation in Btk or absence of Btk mRNA on northern blot analysis of neutrophils or monocytes \[[@B6]\].HIGM: It was characterized by recurrent infections, decreased serum levels of immunoglobulin G (IgG) and immunoglobulin A (IgA), and normal/increased serum levels of IgM \[[@B7], [@B8]\].Recurrent pneumonia: In this study, "recurrent pneumonia" was defined as "two or more episodes in 1 year or three or more episodes ever with complete radiographic resolution between episodes" \[[@B9]\].

Study design {#S2c}
------------

This database study is a retrospective chart review of the patients referred to the Immunology Clinic of Dr. Masih Daneshvari Hospital with a type of predominantly antibody immunodeficiency. The patients were evaluated for their clinical features and basic immunological work-up. In the analysis of the clinical features, the following information including sex, type of PID, age at the onset of symptoms, age at diagnosis, recurrent infections, respiratory symptoms, and pulmonary radiological and functional abnormalities was considered and recorded.

The basic immunological work-up included complete blood count, serum immunoglobulin and complement levels, antibody response to vaccines, flow cytometric evaluation for the analysis of lymphocyte subsets, and nitroblue tetrazolium test.

The collected data were updated before the analysis.

Ethics {#S2d}
------

The study was approved by the ethics committee of Dr. Masih Daneshvari Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran. An informed consent was obtained from all the patients.

Statistical analysis {#S2e}
--------------------

Data analysis was performed using IBM SPSS Statistics for Windows, version 19 (IBM Corp., Armonk, NY, USA). Recognition of normal data was performed by the test of normality and Kolmogorov--Smirnov test. Quantitative data were described by mean statistics and standard deviation. Qualitative data and their count and percentage were presented by bar charts. *T*-test was used to compare the mean between two independent groups of data.

Results {#S3}
=======

This study was conducted on 48 patients, aged 3--54 years with primary humoral immunodeficiencies. Of all the patients evaluated, 27 (56.3%) were male and 21 (43.7%) were female with a male to female ratio of 1:2. The number of patients with CVID, XLA, and HIGM syndrome in this study was 42, 2, and 4, respectively. Six patients from three unrelated pedigrees were family members: four patients from two of these pedigrees were siblings (two brothers with XLA and a brother and a sister with HIGM syndrome) and two patients with CVID were mother and daughter. Twelve (25%) of the patients were in the pediatric age group (less than 18 years old) and 36 (75%) were adults. The mean age at the onset of symptoms was 11.73 years with a mean age at diagnosis of 25.63 years. The mean diagnostic delay was estimated to be 13.62 years. *Table* [*I*](#T1){ref-type="table"} demonstrates the differences between the age at onset, diagnostic delay, and serum immunoglobulin levels according to specific immunodeficiencies studied.

###### 

Demonstration of diagnostic delay and serum immunoglobulin levels in patients with X-linked agammaglobulinemia (XLA), hyper IgM (HIGM), and common variable immunodeficiency (CVID)

                              XLA (mean)   HIGM (mean)   CVID (mean)
  -------------------------- ------------ ------------- -------------
  Age at onset (years)           2.75         1.75          13.07
  Age at diagnosis (years)       6.5          11.67         27.93
  Diagnostic delay (years)       3.75         9.92          14.56
  Serum IgG level (mg/100)       340           366          252.4
  Serum IgM level (mg/100)        40          1,107         41.4
  Serum IgA level (mg/100)        20          13.3          25.5

The mean baseline serum IgG levels of all the patients studied were more than 2 SD below the normal level for all ages. The serum level of IgA was below 10 mg/dl in 16 (33%) patients, of whom 10 (27.1%) were adults and 6 (16.2%) were children. The serum IgM level was lower than normal for age in only 3 (8.1%) adults and 1 (2.7%) child with primary humoral immunodeficiencies. The mean CD3 T cells were 76% with a range between 23% and 93%. The mean CD4 T cells were 32% with a range between 11% and 72%.

Among the events observed in these patients, recurrent respiratory symptoms, particularly of the upper respiratory tract, were the most frequent clinical manifestations (sinusitis: 69.6% and otitis: 43.5%). Recurrent pneumonia was the cause of frequent admissions in 68.8% of these patients. *Table* [*II*](#T2){ref-type="table"} illustrates a comparison of certain respiratory manifestations in patients according to their specific immunodeficiencies.

###### 

Common sites for respiratory involvement according to specific diagnoses

  Immunodeficiency            XLA: number of patients (%)   HIGM: number of patients (%)   CVID: number of patients (%)
  -------------------------- ----------------------------- ------------------------------ ------------------------------
  Recurrent pneumonia                  2 (100%)                       3 (75%)                        28 (66%)
  Sinusitis                            2 (100%)                       2 (50%)                        28 (66%)
  Otitis                                1 (50%)                       3 (75%)                        16 (38%)
  Abnormal CT                          2 (100%)                       3 (75%)                        35 (83%)
  Total number of patients                 2                             4                              42

XLA: X-linked agammaglobulinemia; HIGM: hyper IgM; CVID: common variable immunodeficiency

To provide a documented determination of the pulmonary complications, a chest CT scan performed for the patients revealed abnormal findings in 40 (83.3%) patients. Notably, bronchiectasis was particularly frequent (58.3%) among our patients. It was predominantly bilateral and mostly involving the middle (48.8%) and lower lobes (41.5%). Upper lobe was involved only in 9.8% of cases with bronchiectasis *(Fig.* [*1*](#fig1){ref-type="fig"}*)*. The age group of patients with bronchiectasis was older regarding both during onset and diagnosis, although a significant difference was not detected. There was also no meaningful correlation between bronchiectasis and obstructive disease (*p* value = 0.06) or restrictive disease (*p* value = 0.2) either.

![An illustration of the distribution of bronchiectasis in different lobes of the lungs](imas-11-01-49_f001){#fig1}

The most frequent finding on the thoracic CT other than bronchiectasis was bronchial wall thickening, which was detected in 11 (22.9%) patients. There was no significant relationship between this finding with neither obstructive (*p* value = 0.09) nor restrictive (*p* value = 0.6) patterns of airway dysfunction. Other abnormal patterns in imaging of these patients were ground-glass opacities, mosaic attenuation, mediastinal lymphadenopathy, fibrosis, and parenchymal nodules. Mosaic attenuation pattern was detected in high-resolution computed tomography (HRCT) scan in 12% of the patients in this study.

Pulmonary function tests (PFTs) were performed for every patient who could complete the test procedure properly. Twelve (37.5%) had normal PFTs, while spirometry revealed obstructive pulmonary defect in 10 (31.3%) and restrictive pulmonary defect in 8 (25%) patients. Two (6.7%) of the patients showed a mixed pattern of restrictive and obstructive diseases in their PFT records. FEV1 and FVC were less than 80% predicted in 78.9% and 76.3% of the patients, respectively. There was no meaningful relationship between age and the development of obstructive (*p* value = 1) or restrictive diseases (*p* value = 0.07) in this study.

We also found that 82.1% of patients with recurrent pneumonias had FVC \<80% predicted and 63.2% had FEV1 \<80% predicted between their infectious episodes even when they were free of infectious lung involvements. Recurrent pneumonias did not have significant relation with abnormal CT scan findings in the patients studied (*p* value = 0.2).

Among the immune-deficient patients with bronchiectasis, FEV1 \<80% predicted and FVC \<80% predicted were detected in 55.3% and 52.6% of patients, respectively. We also found a significant relationship between bronchiectasis in the CT scans of the patients with obstructive disease (*p* value = 0.03) but not with restrictive disease (*p* value = 0.08) in our patients.

Discussion {#S4}
==========

Humoral immunodeficiencies are clinically the most important and largest group of inherited immune defects \[[@B10]\] with respiratory infections as their most common presenting feature \[[@B11]\]. The focus of this study is on respiratory manifestations of patients with predominantly antibody immunodeficiencies.

In several studies, PIDs show a male preponderance in patients particularly in pediatric age group \[[@B12][@B13][@B14]--[@B15]\]. Whereas in adult patients, a female preponderance (56.3%) had been detected in a study conducted in Switzerland \[[@B15]\], which was referred to the prevalence of CVID as the most common PID. In this study, despite the fact that the patients evaluated were only those with predominantly antibody immunodeficiencies, we again found a male:female ratio of 1.2:1, a trend that has also been found in other studies when evaluating all types of PIDs.

Humoral immune deficiencies have a variable age at onset with an extended range from early childhood to adult life. Diagnostic delay, although inevitable, is an important contributor to morbidity and adversely affects the outcomes \[[@B16]\]. In a study published in Iran in 2011 \[[@B17]\], a diagnostic delay ranging from 2.5 to 5 years in children and adults was reported.

In this study, in adult patients, the median age at onset of signs and symptoms was 15.5 years and there was a mean diagnostic delay of 16 years, which indicates insufficient recognition of immunodeficiency disorders by primary care physicians in the past. In addition, the respiratory nature of these disorders made the immunologic basis of the disease to remain undiagnosed until they developed lung complications and were referred to a tertiary center. Underdiagnosis, diagnostic delays, and incorrect managements by various medical specialists were the main contributory factors, which contributed in developing morbidities before performing a proper diagnosis in those patients in this study. However, the average of age at onset and diagnosis among the children in this study was 4.3 and 8.4 years, respectively, representing a mean diagnostic delay of about 4 years in children. This is a reasonable period of time, consistent with published literature from advanced centers. We attribute this shortened period of delay in diagnosis in pediatric age group compared to adults to accelerated and significant progress in the field of immunodeficiency and also improved analytical techniques nowadays.

Respiratory infections including otitis media and sinusitis with an estimated frequency of more than 50% of cases are the most common presenting features, which make these patients seek medical help \[[@B12], [@B18], [@B19]\]. In this study, acute otitis media (43.5%) and sinusitis (69.6%) were not only common findings among the adult patients but also in children, detected in 50% and 58.3% of them, respectively. The patients were also reported to experience lower respiratory tract infections and their complications including pneumonia (58.5%) with a significant reduction in the number of sinopulmonary infections after initiation of replacement therapy in these patients.

Although CD4^+^ T cell levels adjusted by the age of the patients were lower than normal in 22 (45%) patients in this series, their absolute counts were enough to prevent the development of opportunistic infections. None of these patients experienced such an infection in the course of their disease to date.

Chest CT scan plays a crucial role in detection of pulmonary changes, which are mainly the result of repeated and prolonged infections \[[@B20]\]. Bierry et al. reported pulmonary changes in 60% of patients with humoral immunodeficiencies. Generally, the risk of chronic lung disease is higher in patients with CVID than those with XLA, probably due to a longer diagnostic delay in CVID patients \[[@B10]\]. This was not true in XLA patients in this study who were referred to this center very late and with advanced lung disease due to delay in diagnosis. Abnormal CT scan was detected in 83.3% of our patients. We explained this high rate of abnormal findings with the advanced pulmonary involvement of our patients during their presentation, which was relatively late in the course of the disease. However, abnormal chest imaging was also frequently found in children, as 91.7% of our patients in this age group revealed some degrees of abnormalities in their chest CT scans, which could not be referred to as an outcome of significant diagnostic delay in this age group and was predominantly the result of repeated and prolonged infections.

Small airway involvement is relatively common in CVID that leads to ventilation abnormalities and even chronic obstructive disease, which appears at CT imaging as areas of low attenuation. Twelve percent of the patients in this study had mosaic attenuation pattern in their chest CT scan.

Recurrent pulmonary infections may lead to irreversible complications found in CT scan, such as bronchiectasis, bronchial wall thickening, nodular changes, consolidation processes, emphysema, and fibrotic changes. Bronchiectasis has been reported as the most common pulmonary complication in patients with primary humoral immune deficiencies \[[@B12], [@B21]\]. Pu et al. \[[@B22]\] estimated that 7% of patients with bronchiectasis have humoral immune defects, which are unfortunately diagnosed late, in the irreversible phase \[[@B23]\]. The frequency of bronchial abnormalities including bronchiectasis and bronchial wall thickening is reported to be between 14% and 60%, with their presence indicative of a poor prognosis suggestive of the evolution of the disease process to an irreversible stage of lung fibrosis \[[@B20]\]. Bronchiectasis was also the most common pulmonary complication in this study with a frequency of 53% in all the patients and 41.7% in pediatric age group. Bronchiectasis was cylindrical, bilateral, and diffuse, most commonly in the middle or lower lobes with mucoid impaction in several instances. We attribute the high prevalence of bronchiectasis in these patients to factors including recurrent infections and persistent inflammation due to low levels of serum immunoglobulins during the diagnosis and the delay in both diagnosis and treatment. Moreover, it was confirmed in this study that bronchiectasis in XLA is an earlier event compared to bronchiectasis in CVID, probably due to an earlier onset of pulmonary infections in the former. Both of the siblings with XLA in this study suffered from diffuse-generalized bronchiectasis (leading to lobectomy before teenage years in the older brother). We found bronchiectasis only in three children with diagnosis of CVID.

We detected bronchial wall thickening in another 26.8% of our patients still without development of bronchiectasis. In pediatric age group, only 7.5% had bronchial wall thickening. We interpreted this finding as an early indicator of the possible development of bronchiectasis in near future.

Interstitial lung disease (ILD) particularly in patients with CVID presents with air trapping, bronchial wall thickening, bronchiectasis, emphysema, reticular, nodular, or ground glass opacities and parenchymal consolidation \[[@B24]\] in HRCT scan.

It has been estimated that 20% of patients with humoral immunodeficiencies develop an ILD. These patients tend to be over the age of 40 years and to have a prior history of recurrent infections. However, only 6% of the patients in this study were suffering from ILD in the course of their disease, of whom, two were deceased due to the severity of lung involvement. One of these two had granulomatous lymphocytic ILD. We explained the lower prevalence of ILD in our patients with the mean age of the patients, which was approximately 26 years. This younger age of the patients might be regarded as a reasonable clue for the lower prevalence of ILD in this study.

Ventilation abnormalities, particularly chronic obstructive disease, are relatively common events in patients with humoral immunodeficiencies.

Data from this interim analysis illustrate that patients with bronchiectasis showed significantly lower FVC and FEV1 values compared to patients without bronchiectasis. Of those patients with bronchiectasis, and who are able to perform respirometry, 55.6% had a FEV1 less than 80% and 52.8% had a FVC less than 80%. Obstructive airflow limitation even without bronchiectasis was also found in 12% of patients.

Chronic airflow obstruction was observed in the early phases of the disease, whereas restriction seems to occur in the advanced stages of the disease. However, we could not find a significant relationship between age and restrictive (*p* value = 0.07) or obstructive (*p* value = 1) lung diseases. Our results regarding obstructive airway disease (in 31.3% of patients) as a common event in PIDs were consistent with previous studies with a reported frequency of 15%--42% in antibody deficiencies \[[@B25], [@B26]\]. Restrictive changes may be caused due to lymphocytic or granulomatous infiltrates or mucous plugging, somehow occurring at more advanced phases of the disease. In this study, it was detected in 25% of patients. The only two siblings with XLA in this study showed restrictive pattern in their PFT, which was consistent with the results of previous studies \[[@B27]\].

Conclusions {#S5}
===========

The purpose of this study was to gain insight into how primary antibody deficiencies might affect patient's health status by focusing on diverse pulmonary complications, which significantly influence the patients' state of well-being, quality of life, and survival. Timely diagnosis and appropriate management may considerably improve life expectancy and the quality of life in these patients.

In fact, respiratory complications, infectious or non-infectious, determine the prognosis of the disease. Because of the complicated course of these disorders, regular examinations and close monitoring of this vulnerable population using multidisciplinary health care teams are strongly recommended.
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